The barrier heights (F 3 ) hindering methyl internal rotation were determined with microwave Fourier transform spectroscopy from the ground vibrational state for the title molecules and found to be V 3 -3.336(52) kcal/mol for ethyl isocyanide, V 3 > 3.1 kcal/mol for iso-propyl isocyanide, V 3 -2.894(23) kcal/mol for gauche-n-propyl isocyanide and V 3 = 2.954(22) kcal/mol for transn-propyl isocyanide. The quadrupole coupling constants of iso-propyl isocyanide are x aa -179.3(31) kHz, Xbb = -140(15) kHz and % ce --39(15) kHz; the constants of trans-n-propyl isocyanide were determined to be x aa = 268.1 (71) kHz, x bb = ~ 108(23) kHz and x cc = ~ 160(23) kHz.
Introduction
The parameters of the methyl internal rotation have been determined for a number of lower alkyl compounds, especially in the ethyl, iso-propyl and n-propyl series, but relatively little is known of the corresponding alkyl isocyanides. The same is true for the 14 N nuclear quadrupole coupling in isocyanides, observable as a hyperfine structure in the pure rotational spectra.
The rotational constants of ethyl isocynide, CH 3 CH 2 NC, have first been determined by Job et al. [1] . In a subsequent study, Bolton et al. [2] derived the barrier to methyl internal rotation from a vibrational transition of liquid ethyl isocyanide at 203 cm -1 to be 2.5 kcal/mol. Independently, Anderson and Table 1 . Rotational and centrifugal distortion constants with standard errors of ethyl-, iso-propyl-, gauche-and frans-H-propyl isocyanide in the I r representation according to Watson [17] in the reduction as specified (A or S, order of the analysis given in parantheses). x: Parameter of asymmetry; cr: standard deviation of the fit; n: number of transitions.
ethyl-NC iso-propyl-NC gauc/ie-«-propyl-NC frans-n-propyl-NC Gwinn [3] determined the barrier to internal rotation from the microwave (MW) spectrum of the first excited torsional mode. They assumed a plausible structure to calculate the moment of inertia (7 a ) of the methyl top and the angle between the principal axis of inertia a of the molecule and the internal rotation axis Table 3 a. of the internal rotor. The authors obtained a value of V 3 -3.650(75) kcal/mol. One aim of this study was to resolve the discrepancy between the two older values and to determine the barrier height from the ground vibrational state, possibly without assumptions on the molecular structure. The quadrupole coupling constants of ethyl isocyanide have been given by Fliege and Dreizler [4] , A redetermination in the course of the analysis of the spectrum did not significantly improve the quality of the coupling constants. The MW spectrum and dipole moment of isopropyl isocyanide, (CH 3 ) 2 CHNC, has been published previously [5] . In the present study, the quadrupole coupling constants are reported, together with a lower limit of V 3 and refined rotational and centrifugal distortion constants.
«-Propyl isocyanide, CH 3 CH 2 CH 2 NC, exists in an equilibrium of a gauche and trans conformation with respect to the central carbon-carbon bond. The MW spectra of both conformers were assigned by Fuller and Wilson [6] . In the case of the trans conformer, however, a large uncertainty in the rotational constant A remained. The 14 N nuclear quadrupole coupling constants of the gauche isomer were determined by Vor- mann et al. [7] . The internal rotation parameters of both isomers were determined in this study, as well as the quadrupole coupling constants of the trans conformer, for which improved rotational and centrifugal distortion constants could also be obtained.
Experimental
All isocyanides were prepared from the corresponding N-alkyl formamides by dehydration with p-tosyl chloride in quinoline [8, 9] and purified by destination. The microwave Fourier transform (MWFT) spectra were obtained as described previously for waveguide [10] [11] [12] [13] and pulsed molecular beam [14, 15] spectrometers. To minimize effects of overlapping lines on tran- Table 6 . Methyl internal rotation parameters of ethyl-, gauche-and trans-n-propyl isocyanide with standard errors. Numbers in square brackets have been held constant during the analysis, see also text. I x : moment of inertia of the methyl internal rotor; (o 1 (s): first Fourier coefficient; < (g, i): angle between the principal axis g(g-a, b, c) and the internal rotation axis; F: reduced rotational constant of the internal rotation; s: reduced barrier height; K 3 : barrier height of the internal rotation; a: standard deviation of the fit; n: number of transitions used for the analysis.
ethyl-NC
gauche-n- sition frequencies obtained after Fourier transformation, the transient molecular emission signal was fitted to the transition frequencies [16] .
Results

a) Rotational Spectra
The refined rotational and centrifugal distortion constants of the title molecules are presented in Table 1 . The analysis was performed according to the procedure set out by Watson [17] , using the I r representation and either the S-or A-reduction as specified in Table 1 . Whereas in the case of iso-propyl and trans-n-propyl isocyanide inclusion of fourth order centrifugal distortion constants sufficed for an ade- Determined from the perturbation-allowed torsional spectrum. -b This work. quate description of the observed spectra, the analysis had to be extended to sixth order for the remaining two molecules. A selection of the transition frequencies used for the analysis are listed in Tables 2-5 , including the frequencies for individual components of split rotational lines. The complete list of line frequencies is given in [18] and deposited under TN A 27 at the library of the University of Kiel [19] . For ethyl isocyanide, only center frequencies are listed for lines showing hyperfine structure due to nuclear quadrupole coupling.
b) Methyl Internal Rotation
The observed splittings of rotational lines due to methyl internal rotation (Tables 2, 4 , and 5 a) were analyzed according to the internal axis method (IAM) of Woods [20] , the results are listed in Table 6 . In the case of the two conformers of «-propyl isocyanide, the moments of inertia of the internal rotor could not be fitted to the experimental data and were fixed to the values of the respective conformers of «-propyl fluoride [21] . The angle between the axis of the internal rotor and the principal axis of inertia c (perpendicular to the mirror plane) was fixed to 90° for ethyl and trans-npropyl isocyanide.
No internal rotation splittings could be observed in the MW spectrum of wo-propyl isocyanide. From the moment of inertia of the methyl groups in wo-propyl fluoride [22] and values of the angles between the axes of the internal rotors and the three principal axes a, b, and c of the molecule derived from a plausible molecular structure, we estimated the lower limit of the barrier height V 3 to be 3.1 kcal/mol. For a barrier lower than the value given, some splittings due to internal rotation would have been resolved with the spectrometers used.
The barrier heights hindering methyl internal rotation in various alkyl compounds, as determined by MW spectroscopy, have been compiled in Table 7 . Ethane, which is not directly accessible to MW spectroscopy due to the lack of a dipole moment, has been included for comparison. The barrier height for this molecule has been determined from an analysis of the perturbation-allowed torsional spectrum [23] .
c) Quadrupole Coupling
The data in Tables 3 b and 5 b have been used to  determine the 14 N nuclear quadrupole coupling constants of wo-propyl and trans-n-propyl isocyanide with the usual first order treatment [24] , The results are listed in Table 8 .
Discussion
Comparison of the 14 N nuclear quadrupole coupling data of /so-propyl and trans-n-propyl isocyanide with the constants of other isocyanides is difficult because the principal axes of the coupling tensor do not coincide with principal axes of inertia of the molecule. However, the constants are in the range typical for alkyl isocyanides, i.e. smaller than 1 MHz with x aa positive. 
